4
balance (Flanner et al., 2007; Hansen and Nazarenko, 2004 ) and, if enhanced by BC, 86 contribute to climate warming (Warren and Wiscombe, 1980) .
87
Although BC in Arctic snow and ice has been found to be important for the Earth's Russia. It has been reported that gas flaring in Russia contributes about 42% to the annual 102 average BC surface concentrations in the Arctic (Stohl et al., 2013) .
103
The use of the terms EC and BC has been the topic of several scientific papers (for 
105
(2013) defined BC as a substance with 5 properties (see Table 1 in Petzold et al., 2013) , for 106 which no single measurement instrument exists that is sensitive to all of them at the same 107 time. Consequently, BC cannot uniquely be measured, although some of its properties can,
108
such as the absorption coefficient !" and the elemental carbon (EC) concentration, both 109 commonly measured in atmospheric monitoring networks across the world. Hence, the term 110 BC should be used qualitatively.
111
In the present study, EC concentrations on ice from three campaigns measured with
112
Thermal-Optical Analysis (TOA) (see section 2.2) are compared to simulation results from Table S 1) .
123
These areas have been reported to receive pollution both from urban and gas flaring sources 
131
Sampling was performed using a metal-free technique using pre-cleaned plastic shovels 
Emissions and modelling of black carbon

166
The concentrations of BC in snow were simulated with the LPDM FLEXPART version The simulations were conducted in backwards time ("retroplume") mode, using a new 
202
The total emissions of BC from ECLIPSE in the areas of study are shown in Figure 1 
×100%
where ! and ! are the modelled BC and measured EC concentrations and is the total 
Elemental Carbon concentrations measured in snow 232
The spatial distribution of EC measured in snow samples from northwestern European showed that the air was coming from the north and the east (see in . RMSE values were estimated to be quite high, between 37 and 49 ng g -1 , due to the large 282 variation of the observed EC concentrations.
283
The levels of EC in snow presented here are relatively high compared to previously were reported for the samples collected near the Alert observatory (see section 4.1).
11
Sources and origin of BC
305
We further analysed the model output in order to calculate relevant contributions from 
329
In the Kindo Peninsula and in Arkhangelsk, where snow sampling took place in 2015,
330
the main contributions to snow BC were from DOM (47%), TRA (30%), BB (7%), and FLR
331
(6%) (see Figure 2 ). Similar to EC measurements in snow, simulated BC was also higher than 
412
(median±interquartile: 10.3±4.9 ng g -1 ). In the same region, we report EC concentrations to be 413 more than double varying between 6.6 to 55 ng g -1 (median±interquartile: 27.8±25.5 ng g -1 ),
414
whereas there were two samples that showed EC concentrations of more than 100 ng g -1 . As 3). This is in contrast to the previous data sets discussed, for which the model underestimated 434 measurements.
435
Further analysis was carried out to adequately understand the origin of the Finland. The contribution from BB and FLR emissions was insignificant (8% and 6%, 508 respectively), whereas the rest of the ECLIPSE sources were negligible (IND, ENE, WST).
509
For the samples collected at high latitudes in Western Siberia, the average contribution from 510 all sources was more than 4 times higher (86 ng g -1 ) than those observed in northwestern 
